CONTROL UNIT AND MULTIPLEX COMMUNICATION SYSTEM USING THE 
SAME 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

This invention relates to a control unit and a multiplex 
communication system, and more particularly to a control unit 
for changing the frequency of a clock pulse for a CPU under 
a prescribed condition into a lower frequency , and a multiplex 
communication system for executing data communication between 
such control units connected to a bus line. 

2. Description of the Related Art 

An example of these control units is shown in Fig. 7. 
These control units are arranged, e.g. at various parts within 
a motor vehicle. These control units are connected to each 
other via a bus line (not shown) to constitute a multiplex 
communication system. 

InFig. 7, the control unit includes a CPU 10 forexecuting 
various kinds of processing or control according to a 
prescribed program, a ROM 20 which stores the program for 
the CPU 10 and an RAM 30 which stores various kinds of data 
and has an area necessary for the processing of the CPU 10. 

The CPU 10 is connected to a high frequency oscillator 

41 for producing a first clock pulse PI' which operates the 
CPU 10 at a first frequency and a low frequency oscillator 

42 for producing a second clock pulse P2 which operates the 



CPU 10 at a second frequency lower than the first frequency. 
The CPU 10 has functions of deciding that electric 

appliances within the vehicle are in a non-operating state 
when an ignition switch has been turned off and a door has 
been locked, and changing the clock pulse for operating the 
CPU 10 from the first clock pulse PI into the second clock 
pulse P2, thereby shifting to a low electric power consumed 
state . 

The moment that the CPU 10 itself shifts to the low 
electric power consumed state , it produces a signal requesting 
other control units to shift to the low electric power consumed 
state so that the entire multiplex communication system shifts 
to the low electric power consumed state. 

When the CPU 10 detects door unlocking to decide that 
the electric appliances are in their usable state, it changes 
the clock pulse for operating itself from the second clock 
pulse P2 to the first clock pulse PI . Thus , the CPU 10 returns 
to the high speed processing state. 

As described above, when the electric appliances have 
fallen into their non-used state, the control unit changes 
the clock pulse for operating the CPU 10 from the first clock 
pulse PI at the high frequency into the second clock pulse 
P2 at the low frequency, thereby reducing power consumption 
and discharge of a battery. 

Generally, the CPU 10 is provided with an output port 
Pout from which a port output signal SI is periodically produced 



through the processing of the program operating within the 
CPU 10. A watchdog timer 50 serving as an outside monitoring 
means is connected to the output port Pout. 

The watchdog timer 50 continuously monitors the port 
output signal SI produced from the output port Pout. As a 
result of monitoring, if the watchdog timer 50 detects the 
abnormal state of the CPU 10 (specifically, the port output 
signal SI is not detected for a prescribed time) , it sends 
a reset signal S2 to a reset port Prst within the CPU 10. 

In response to the reset signal S2 , the CPU 10 intends 
to revert to its initial state to escape from the abnormal 
state. Therefore, when the CPU 10 has been fallen into the 
abnormal state such as "runaway", in response to the reset 
signal S2 produced from the watchdog timer 50, the CPU 10 
can revert to its initial state to escape from the abnormal 
state. 

However, with the low frequency oscillator 42 being 
out of order, when the CPU 10 shifts to the low power consumed 
state, the CPU 10 becomes disabled. Then, the watchdog timer 
50, under the decision that the disabling of the CPU 10 is 
abnormality, produces the reset signal S2 . In response to 
the reset signal S2 thus produced, the CPU 10 reverts to the 
initial state and hence the high speed processing state again . 
Thereafter, the CPU 10 is changed into the low power consumed 
state. Thus, the processing of reverting to the low power 
consumed state, resetting and reverting to the high speed 



processing state will be repeated-. 

The control unit is so adapted that upon resetting, 
it produces , via a bus line , a signal requesting other control 
units to be reset. Therefore, whenever the resetting 
operation is executed, the low power consumed state of all 
the control units are released from the low power consumed 
state, and shift to the high speed processing state. 

Namely, when at least one of the low frequency 
oscillators 40 within the control units which constitute a 
multiplex communication system becomes out of order, the 
entire multiplex communication system cannot be shifted to 
the low power consumed state. This does not reduce the power 
consumption, and in the worst case, leads to discharging of 
the battery. This also leads to the problem of disappearance 
of the information stored in the RAM due to the resetting 
operation. 

SUMMARY OF THE INVENTION 

The first obj ect of this invention is to provide a control 
unit which can prevent information from disappearing owing 
to resetting of a CPU when abnormality occurs in a low frequency 
oscillator, and prevent other control units from being 
released from their low power consumed state. 

The second object of this invention is to provide a 
multiplex communication system provided with such control 
units . 



In order to attain the above first object, in accordance 
with this invention, as seen from Fig. 1 which shows the basic 
arrangement of this invention, there is provided a control 
unit for executing data communication between itself and 
another control unit comprising: 

a CPU 10 which is operated in accordance with a prescribed 
program; 

a high frequency oscillator 41 for producing first clock 
pulses for operating the CPU at a first frequency; 

a low frequency oscillator 42 for producing second clock 
pulses for operating the CPU at a second frequency which is 
lower than the first frequency ; 

an exchanging means 10a for exchanging clock pulses 
for operating the CPU from the first clock pulses to the second 
clock pulses when a prescribed condition is satisfied, thereby 
shifting the CPU to a low power consumed state; 

abnormality detecting means 60 0 for detecting 
abnormality of the low frequency oscillator; and 

exchange stopping means 10b for stopping exchange of 
the clock pulses by the exchange means if the the abnormality 
detecting means detects the abnormality even when the 
prescribed condition is satisfied. 

In this configuration, the CPU 10 is generally in the 
high speed processing state operating at the first frequency. 
The abnormality detecting means 600 detects abnormality of 
the low frequency oscillator which produces second clock 



pulses for operating the CPU at a second frequency which is 
lower than the first frequency. When a prescribed condition 
is satisfied, if there is not abnormality detection of the 
low frequency oscillator by the abnormality detecting means, 
an exchanging means 10a exchanging clock pulses for operating 
the CPU from the first clock pulses to the second clock pulses , 
thereby shifting the CPU form the high speed processing state 
into a low power consumed state. 

On the other hand, when the prescribed condition is 
satisfied, if there is abnormality detection of the low 
frequency oscillator by the abnormality detecting means, 
exchange stopping means 10b stops exchange of the clock pulses 
by the exchange means. The abnormality detecting means is 
provided separately from an external monitoring means which 
resets the CPU for each abnormality detection. This 
abnormality detecting means detects the abnormality of the 
low frequency oscillator and the exchange stopping means stops 
exchange of the clock pulses by the exchange means. For this 
reason, even when abnormality occurs in the low frequency 
oscillator, the reset of the CPU is not repeated. 

In a preferred embodiment, as seen from Fig. 1, 
the abnormality detecting means includes a counting means 
60 for counting the second clock pulses produced from the 
low frequency oscillator while the CPU ' is operated at the 
first frequency. 

In this configuration, provision of the counting means 
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for counting the -second clock pulses permits abnormality of 
the low frequency oscillator to be easily detected. 

In a preferred embodiment, the exchange stopping means 
sends an exchange request signal to other control units so 
5 that they are shifted into the low power consumed state even 
when the CPU corresponding to the exchange stopping means 
cannot be shifted into the low power consumed state. 

In this configuration, even when abnormality occurs 
in the low frequency oscillator of the pertinent control unit, 
10 the other control units, in response to the exchange request 
signal, can be shifted into the low power consumed state. 

In order to attain the above second obj ect , in accordance 
with this invention, there is provided a multiplex 
communication system for executing data communications among 
= 15 control units which are interconnected via a bus line , wherein 
each the control units comprises: 

a CPU which is operated in accordance with a prescribed 
program; 

a high frequency oscillator for producing first clock 
20 pulses for operating the CPU at a first frequency; 

a low frequency oscillator for producing second clock 
pulses for operating the CPU at a second frequency which is 
lower than the first frequency; 

an exchanging means for exchanging clock pulses for 
25 operating the CPU from the first clock pulses to the second 
clockpulses when a prescribed condition is satisfied, thereby 
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shifting the CPU to a low power consumed state; 

abnormality detecting means for detecting abnormality 
of the low frequency oscillator; and 

exchange stopping means for stopping exchange of the 
clock pulses by the exchange means if the the abnormality 
detecting means detects the abnormality when the prescribed 
condition is satisfied. 

The multiplex communication system described above 
provides the same advantage as that of the control unit 
described above. 

The above and other ob j ects and features of the invention 
will be more apparent from the following description taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a basic arrangement of 
a control unit and a multiplex communication system according 
to this invention ; 

Fig. 2 is a block diagram of an embodiment of the control 
unit according to this invention; 

Fig. 3 is a block diagram of an embodiment of a multiplex 
communication system equipped with the control unit according 
to this invention; 

Fig. 4 is a flowchart showing the procedure of 
interruption in a CPU which constitutes the control unit of 
Fig. 2; 
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Fig. 5 is a flowchart -of the procedure of processing 
in the CPU which constitutes the control unit 100 in Fig. 
3; 

Fig. 6 is a flowchart of the procedure of processing 
in the CPU which constitutes the control units 200 - 500 in 
Fig. 3; and 

Fig. 7 is a block diagram of an example of a conventional 
control unit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now referring to the drawings, an explanation will be 
given of an embodiment of this invention. 

Fig. 1 is a block diagram of the control unit of Fig. 
1. In Fig. 1, like reference numerals denote like blocks in 
Fig. 7. 

The control unit according to this invention also 
includes a counter 60 which is a counting means for counting 
the second pulses P2 produced from the low frequency oscillator 
42. The counter 60 supplies the counted value to the CPU 10. 
Control units 100 - 500 each having the configuration described 
above are arranged at various parts of a motor vehicle as 
shown in Fig. 3. These control units 100 - 500 are connected 
to one another via a bus line L to constitute a multiplex 
communication system for executing data communication among 
the control units. 

Incidentally, the CPU within the control unit 100 



provided at a driver's seat is connected to an OFF terminal 
of an ignition switch SW1 and an lock terminal and an unlock 
terminal of the door switch SW2 . Therefore, the CPU 100 of 
the control unit 100 can know the OFF state of the IG switch 
SW1 and the locked/unlocked state of the IG switch SW1 . 

The CPU 10 provided in each of the control units 100 
- 50 0 executes the processing of changing the clock pulse 
for operating the CPU 10 under a prescribed condition from 
a first clock pulse PI to a second clock pulse P2 so that 
the CPU 10 is shifted into the lowpower consumed state , executes 
processing of detecting abnormality of the low frequency 
oscillator 42, and executes processing of stopping the 
changing of the clock pulse when the abnormality of the low 
frequency oscillator 42 is detected in another prescribed 
condition . 

Referring to the processing procedure of the CPU 10 
shown in Figs. 4 - 6 , an explanation will be given of the 
multiplex communication system equipped with the control units 
as- described above. First, referring to the flowchart of Fig. 
4 which shows the processing procedure of the CPU 10 installed 
in the control unit 100, an explanation will be given of the 
operation of the CPU 100 which is connected to the OFF terminal 
of the IG switch SW1 and the door lock terminal and door unlock 
terminal of the door switch SW2 . 

The CPU 10 within the control unit 100 starts to operate 
when a vehicle-installed battery VB shown in e.g. Fig. 3 is 
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turned on. In initial step, initial setting is made for 
various kinds of areas formed in the RAM 30 . If the IG switch 
SW1 is OFF (Y in step SI) and the door is in the locked state 
(Y in step S2) , the CPU 10 determines whether or not the flag 
Fl is ON (step S3) . The flag Fl indicates whether or not the 
CPU 10 is in the low power consumed state. 

If the CPU 10 is not still in the low power consumed 
state, i.e. the flag Fl is OFF (N in step S3), the CPU 10 
determines that with the IG switch SW1 turned OFF, 
a driver goes out of the vehicle and has just locked the door 
so that the state where the in-vehicle electrical components 
are not used will continue, and the processing procedure 
proceeds to step S4. On the other hand, if the flag Fl is 
ON (Y in step S3) , the CPU 10 determines that it has shifted 
into the low power consumed state. The processing procedure 
by the CPU 10 returns to step SI to hold the low power consumed 
state. In step S4 , the CPU 10 serves as an abnormality 
detecting means, i.e. captures the count value counted by 
the counter 60 to determine whether or not the count value 
is appropriate. 

While the IG switch SW1 is ON, the CPU 10 is operated 
by the first clock pulse PI and in the high speed processing 
state. While the CPU 10 is in the high speed processing state, 
the counter 60 counts the second clock pulses P2 which are 
produced from the low frequency oscillator 42. 

Therefore, if the abnormality such as malfunction does 
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not occur in the low frequency oscillator 42, i.e. the count 
value is appropriate (Y in step S4) , the CPU 10 serves as 
a changing means which changes the clock pulse for operating 
itself from the first clock pulse PI to the second clock pulse 
P2 so that the CPU 10 shifts into the low power consumed state 
(step S5) . Simultaneously, the CPU 10 turns ON the flag Fl 
to indicate that the CPU 10 is in the low power consumed state 
(step S6) . 

On the other hand , if the abnormality such as malfunction 
occurs in the low frequency oscillator 42, e.g. , the counted 
value is an abnormal value such as zero (N in step S4) , the 
CPU 10 serves as changing stopping means and holds its high 
speed processing state without executing steps S5 and S6 for 
changing the clock pulse. Further, the CPU 10 transmits the 
second changing request signal via the bus line L to other 
control units 200 - 500 (step S7) , and reverts to step SI. 

The second exchange request signal is a signal for 
requesting the other control units 200 - 500 to shift to the 
low power consumed state. As described above, in step S6, 
if the second exchange request signal is transmitted 
regardless with the state of the CPU 10 , even if any abnormality 
occurs in the low frequency oscillator 42 within the control 
unit 100 , the other control units 200 - 500 receives the second 
exchange request signal under a prescribed condition to shift 
to the low power consumed state. 

It should be noted that the counted value of the counter 



12 



60 is initialized to indicate an appropriate value . Therefore 
when the processing procedure proceeds to step S4, 
immediately after the in-vehicle battery is turned on, 
decision of abnormality is not made. 

Thereafter, if the man staying within the vehicle turns 
on the IG switch (N in step SI) , or the driver unlocks the 
door enter the vehicle (Y in step S2) , the CPU 10 captures 
the flag Fl to determine whether itself is in the low power 
consumed state (step S8) . At this time, if the CPU 10 has 
fallen in the high speed processing state, the processing 
procedure immediately reverts to step SI , thereby maintaining 
the high speed processing state. On the other hand, if the 
CPU 10 is in the low power consumed state ( Y in step S8) , 
the CPU 10 itself exchanges the clock pulses from the second 
clock pulse P2 to the first clock pulse PI, reverting its 
state to the high speed processing speed. Simultaneously, 
CPU 10 turns off the flag Fl to indicate the high speed 
processing state (step S10) . 

Thereafter, the CPU 10 transmits the first changing 
request signal via the bus line L to other control units 200 
- 500 (step Sll) , and also produces the signal for resetting 
the counted value of the counter 60 (step S12) . The first 
exchange request signal is a signal for requesting the other 
control units 200 - 500 to shift to the high speed processing 
state . 

The CPU 10 which constitutes the control units 100 - 
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500 inclusive of the control unit 100 executes the interruption 
at intervals of a prescribed time as shown in Fig. 5. Namely, 
when the CPU 10 in the control unit 100 receives a signal 
through the bus line L (Y in step S20) , it determines whether 
or not the signal is destined for itself (step S21) . 

If the signal is destined for the CPU 10 itself (Y in 
step S21) , the signal is held in the RAM 30 , and the processing 
procedure returns to the normal course. On the other hand, 
if the signal is destined for other control units, but not 
destined for the CPU 10 itself, the signal is not held in 
the RAM 30, but transmitted to the bus line L. Thus, the signal 
transmitted to the CPU 10 itself is held in the RAM. 

Referring to the flowchart of Fig. 6 showing the 
processing procedure of the CPU 10 in the control units 200 
- 500, an explanation will be given of the operation of each 
of the control units 200 - 500. 

The CPU 10 in each of these control units 200 - 500, 
also starts to operate, as in the control unit 100, when the 
in-vehicle battery VB is turned on. In initial step (not 
shown) , initial setting is made for various kinds of areas 
formed in the RAM 30. 

Thereafter, the CPU 10 reads the state within the RAM 
3 0 to determine whether the second switching request signal 
or the first switching request signal has'been received (step 
S30 or S31) . If neither signal is received (N in step S30 
andN in S31) , the CPU 10 maintains its present state to returns 
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to step S30. At this time, if the CPU 10 is in the high speed 
processing state, the counter 60 counts the second clock pulses 
produced from the low frequency oscillator 42. 

Thereafter, under a prescribed condition, i.e., 
if the second exchange request signal is transmitted from 
the control unit 100 (Y in step S30) , the CPU 10 serves as 
an abnormality detecting means , i . e . captures the count value 
counted by the counter 6 0 to determine whether or not the 
counted value is appropriate (step S32) . If the abnormality 
such as malfunction does not occur in the low frequency 
oscillator 42, i.e. the counted value is appropriate (Y in 
step S32) , the CPU 10 serves as a changing means to shift 
itself into the low power consumed state according to the 
second changing request signal (stepS33). Simultaneously, 
the CPU 10 turns ON the flag Fl to indicate that the CPU 10 
is in the low power consumed state (step S6) . 

On the other hand, if the abnormality such as malfunction 
occurs in the low frequency oscillator 42, e.g. , the counted 
value is an abnormal value such as zero (N in step S32) , the 
CPU 10 serves as changing stopping means and holds its high 
speed processing state without executing steps S33 and S34 
for changing the clock pulse, thereafter returning to step 
S30. Incidentally, the counted value in the counter 60 has 
been initialized so that it exhibits an' appropriate value. 
Therefore, when the processing procedure advances to step 
S32 immediately after the in-vehicle battery is turned on, 
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abnormality is not decided. 

Thereafter, if the CPU 10 receives the first exchange 
request signal (Y in step S31) , it determines whether or not 
the flag Fl is "ON" and it is in the low power consumed state 
(step S35) . If the CPU 10 is in the low power consumed state 
(Y in step S35) , it reverts to the high speed operating state 
according to the first exchange request signal (step S36) . 

Simultaneously, the CPU 10 turns OFF the flag Fl in 

order to exhibit the high speed processing state (step S37) . 

Thereafter, the CPU 10 produces the signal for resetting the 

counted value of the counter 60 (step S38) , and reverts to 

step S30. 

As described above, the control unit 100-500 according 
to this invention detects the abnormality of the low frequency 
oscillator 42 on the basis of the counted value of the counter 
60 which is provided separately from the watched dog timer 
50 (external monitoring means) which resets the CPU 10 for 
each detection of the abnormality. In addition, if the control 
unit detects the abnormality, it stops the exchange from the 
first clock pulse PI to the second clock pulse P2 . For this 
reason, even when the abnormality occurs in the low frequency 
oscillator 42, disappearance of the information due to the 
resetting of the CPU 10 can be prevented and the release of 
the low power consumed state in the other control unit will 
not repeated. 

Since the abnormality in the low frequency oscillator 
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42 is detected on the basis of the value counted by the counter 
60, provision of the counter 60 for counting the second clock 
pulses P2 permits the abnormality of the low frequency 
oscillator 42 to be easily detected. This simplifies the 
configuration of the multiplex communication system and 
realizes the production cost thereof. 

In the embodiment described above, the abnormality in 
the low frequency oscillator was detected on the basis of 
the counted value in the counter 6 0 which counts the second 
clock pulses P2. However, the abnormality may be detected 
by the output from a re-triggerable multivibrator (RMB) which 
is triggered by the rising edge of the second clock pulse 
P2 . 

The RMB is structured so as to hold the H level for 
a time T elapsed from the rising edge of the second clock 
pulse, and has a re-trigger function that the output H level 
is extended when the RMB is triggered again by the second 
clock pulse P2 while the H level is held. Therefore, if the 
time T is set to be longer than the rising period of the second 
clock pulse P2 , the RMB maintains the output H level while 
the low frequency oscillator is in the normal operating state . 
On the other hand, when the second clock pulse P2 is stopped 
as a result that the abnormality such as malfunction occurs 
in the low frequency oscillator, the output level of the RMB 
becomes an L level. 
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